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Description 

[0001) The present invention concerns the manufacture of lightweight fire resistant and insulatlve materials and the 
use of these materials to fabricate components that are resistant to fires end Intense hoat. 

5 (0002] This current Invention relates to the manufacture of wet pastes of phenolic resin expanded with hollow 
spheres end the subsequent curing of those pastes, normally without the application of external heat, with mixtures 
containing partial phosphate esters. The cured foams have a significantly reduced tendency to shrink and crack under 
fire regimes, which is the key to their use as insulating layers, cores of sandwich materials end insulating structures all 
of which are fire resistant and maintain their insulating properties under fire regimes, and hence are capable of a wider 

w field of application than preceding technologies. Effectively the system allows the production of fire resistant syntactic 
foams and composite fire resistant articles and structures containing syntactic foams by simple low technology proc- 
esses. 

[0003] Syntactic foams are foams created by filling a resinous matrix with a particle that Itself contains a closed 
void, such as a hollow sphere, such that the apparent specific gravity of the particulate material is significantly below 

'5 the true specific gravity of the solid material from which the sphere is made. This property Is then Imparted to the res- 
inous matrix in proportion to the volume occupied by the hollow particulate spheres. Because the density of the syntac- 
tic foam is reduced by the presence of the hollow spheres, the thermal conductivity Is correspondingly lowered. Further, 
spherical particles have a reinforcing effect, using the same mechanism as fibrous reinforcements. However spherical 
reinforcements provide isotropic properties whereas fibrous or lamina reinforcements provide directional properties. 

20 [0004] It Is common practice to apply intumescent coatings to structures such as oil drilling or production platforms 
to protect these structures from structural collapse in the event of a fire occurring on the structure. The action of these 
intumescent coatings is to expand from a relatively Inert solid to a lightweight Insulating foam of sufficient durability to 
withstand the anticipated flro regime. Trie weight of the fire protection applied to such floating structures, when using 
these systems Is substantial. The new syntactic foams described and specified herein may be used to form duplex coat- 

25 Ing in combination with intumescent materials and hence substitute for a substantial proportion of the thickness of such 
intumescent coalings and provide a method of significantly reducing the weight of the fire protection Coatings. The req- 
uisite thickness of intumescent or ablative coating Is reduced to below tho point where mesh reinforcement is required, 
hence providing a substantial easing of the complexity of installation. 

tOOOS] Further, hot risers, that Is pipes carrying hot oil or gas from the bore hole to the production platform, cannot 
so be protected from fire by the use of intumescent coatings as the temperature of the substrate Is such that the intumes- 
cent coating, in contact with the steel substrate would be degraded in time. By Installing the syntactic foam between the 
pipe surface and the Intumescent coating, the pipe Is both more efficiently protected from fire regimes and the intumes- 
cent coating is protected from degradation by the hot substrate. In addition the syntactic foam system being impervious 
to water and of a closed cell structure, acts as an insula nt for these pipes without allowing permeation of corrosive salts. 
35 [0006] Intumescent coatings emit substantial amounts of smoke when activated by heat to perform their insulating 
function. By reducing the total amount of Intumescent coating applied to the structure, the potential for smoJco emission, 
that would otherwise retard fire fighting and rescue of trapped persons, is reduced. 

[0007] U.K. Patent Specification No. 2055867 discloses a thermal insulation composition incorporating a phenolic 
resin and optional hollow spherical particles in which a pyrocarbon matrix is produced on pyrolysis. Japanese Patent 

40 Specification No. 62010142 discloses a blown phenolic foam composition having name retard ancy properties. It is not 
concerned with fire stability and neither of these prior specifications discloses the use of a partial phosphate ester In 
combination wfth a low viscosity phosphate plasticiser which are essential components of the present invention. 
[0008] This Invention concerns fire resistant syntactic foams whereby the tendency of the foams to contract and foil 
under fire conditions is reduced. 

4$ [P009] The invention provides a fire resistant syntactic foam material comprising the reaction product of a reaction 
mixture Including a reso! cokl curing phenolic rosin and Incorporating a plurafity of hollow spheres, characterised in that 
the reaction mixture also includes a solution of a partial phosphate ester and a low viscosity phosphate plasticiser, the 
latter being present in an amount up to 8.5% by weight of the phenolic resin. 

[0010] In a preferred embodiment the Invention provides a fire resistant syntactic foam material comprising the 
50 reaction product of a reaction mixture including a resol coW curing phenolic resin and a plurality of hollow spheres, char- 
acterised In that the reaction mixture also includes a partial phosphate ester and a low viscosity phosphate plasticiser, 
the proportion by weight of the partial phosphate ester to the phenolic resin In tho reaction mixture being In the range 
of 5% to 1 5%. the hollow spheres having a specific gravity in the range of 0.1 5 to 0.35 and an average diameter in the 
range of 30 to 200 microns, me spheres being present In a concentration in the range of plus or minus 1 5% of the crificai 
$9 pigment volume concentration and the low viscosity phosphate plasticiser being present In an amount up to 6.5% by 
weight of the phenolic resin. 

[001 1] The invention also provides a two-part system for the production of a fire resistant syntactic foam materiel 
comprising a first reactam Including a resol cold curing phenolic resin and a second reactant one or both of which reao- 
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tents incorporate a plurality of hollow spheres, characterised in that the second reactant comprises a partial phosphate 
ester, said spheres are incorporated In one or both of said reactants and the system ateo incorporates a low viscosity 
phosphate plastlclser in an amount up to 8.5% by weight of the phenolic resin. 

[001 2] The advantages of this current Invention are that the properties sought in the disclosures in the prior art can 

5 be achieved with the easiest of process conditions. The foam Is presented as a paste that may be pumped or sprayed. 
The paste will flow under gravity and therefore may be cast Into moulds. The paste cold cures with very little generation 
of heat and therefore cheap plastic moulds may be used. This means that very large articles can easily be formed - In 
addition to deserving how such syntactic foams may be utflised as part of a duplex fire protection coating system, a 
method of providing a reinforced outer skfri Is also described herein such that coherent free standing composite or 

iu duplex fire protective and fire resistant structures can also be formed. 

[001 3] The foam has good physical properties with or without the reinforced skin as well as being an excellent insu- 
lant. but the Key attribute of the materials Is their behaviour under fire conditions. The matrix resin 1$ phenolic rosin mod- 
ified to contain substantial amounts of phosphorous provided by the curing system and/or a plasticiser. Phenolic resins 
are known to be fire resistant. However, under fire regimes phenolic resins shrink because of out gassing and crack due 

ts to shrinkage stress. These cracks cause the Incident fire and heat to penetrate the phenofic structure. The effect of the 
higher phosphorous content is to reduce this shrinkage and Indeed In some formulations to expand. The phenolic foam 
then is not only flame retard ant but can be used as a fire protective barrier or to produce fire resistant articles. 
[0014] In this invention the foam is derived from a mixture comprising at least two parts. The two reactive compo- 
nents of the matrix must be kept separate until (hey are required to be utilised. The first reactive component consists of 

so a resol phenolic resin capable of being cold cured by the addition of acid, phosphates. The other reactive Component 
consists of a solution of a partial phosphate ester. One or both of the reactive components has hoOow glass spheres 
dispersed within to expand the final mixture to the target Specific Gravity, 

[001 61 Thus the Invention also provides a method of producing a fire resistant syntactic foam material comprising 
mixing a resol cold curing phenolic resin incorporating hollow spheres with a further constituent and allowing the mix- 

25 ture to cure at ambient temperature, characterised in that the hollow spheres have an effective specific gravity of 
between 0.15 and 0 35 and an average diameter of between 30 and 200 microns and are mixed at plus or minus 15% 
of crifical pigment volume concentration with the other constituent which comprises a solution of a partial phosphate 
ester comprising between 5% and 1 5% by weight of the phenolic resin, and in that the resultant material Is in paste form 
and incorporates a phosphate trt-ester plasticiser In amounts of up to 6.5% by weight of the phenolic resin. 

30 [0016] The viscosity of the final mixture may be adjusted by the addition, to both or either, ol the reactive compo- 
nents, volatile solvents and/or neutral phosphate plastlcisers, such that the wet mixture of all the components can be 
applied to steel substrates with conventional spray equipment, or can be pumped into moulds and will flow as a casting 
material. 

[001 7] While the hollow spheres described In the following are comprised of glass, providing the material Is resist- 
35 ant to heat and the sphere is sufficiently robust to withstand the shear Imposed by the mixer conditions then the sphere 
may be composed of other materials such as carbon or other refractories, providing always that the reduction of the 
apparent specific gravity Is such to ensure that waD thickness of the sphere is sufficiently low that it provides a very nar- 
row heat flow path. An alternative example might be hollow phenolic spheres such as those manufactured and supplied 
by Union Carbide under the trade name Vcar micro balloons. 
46 [001 8] The level of incorporation specified herein Is determined by the sphere diameter and apparent SG. In all the 
formulations specified below the pastes from which the pastes are formed are formulated at just below critical pigment 
volume concentration as it would be understood by a paint technologist 

[0019] The process sequence occurs in three steps and may be illustrated tn summary in the following. However, 
the distribution of the components of the formulation, between the two components and the means of incorporation and 
45 application are not fixed or limited by this description. 

Manufacture 

[0020] 

so 

(a) Phenolic Foam Paste. 

(1) Select a paste mixer of the trifoil, Z blade or dough mixer type with close control of the rotor speed and 
shear rate. The mixing pan must be sealed to prevent nuisance dust. A pumped or extruder type discharge sys- 

65 tern win be required. 

(2) Add to the paste mixer the charge of phenolic resin, phosphate plasticiser. and wetting agent Mix thor- 
oughly. 

(3) Add any requisite charge of glass fluxing agent and/or reinforcing fibre. Disperse this addition. 
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(4) With the rotor operating at very stow speed, add tho charge of glass spheres. 

(5) Mix slowly until all the spheres are wetted and incorporated in thick creamy paste. 

(6) Discharge. 

s (b) Curing Agent. 

(1) To a stainless steel vessel with a slow speed paddle, add water. 

(2) Add Para-toluene sulphonic acid end stir until dissolved. 

(3) Add solution of acid partial phosphate ester. 

1 0 <4) Add and mix rnethoxy-propanol solvent if required. 

(5) Discharge. 

Spray Procedure 

T5 [0021) 

(1) Mix phenolic loam with requisite quantity of curing agent. In the spray container using a pneumatlo stirrer or sim- 
ilar until the curing agent is fully Incorporated. The mixed components have a pot Pfe of approximately one hour at 
20 3 C Application must be completed within this time. All vessels and apparatus may be water rinsed proving the 

20 foam is not cured, 

(2) Spray the mixture onto the substrate using conventional spray equipment fitted with any arrangement that wfll 
ensure continuous delivery of the paste to an airless pump head. 

(3) Wet film thicknesses of 15mm. can be obtained- The foam will cure overnight at room temperature. 
25 Casting Procedure 

[0022] The procedure for casting is identical to the above except that a pump may be used to inject the material into 
the casting moulds. Because the moulds will usually retain the heat of exotherm whereas a sprayed fl,rn wfil loose heat 
to both the substrate and to atmosphere, curing in closed mould conditions will be substantially faster. 

30 

Example 1 

[0023] Typically the formulations for the above systems may be as shown below as formulations 1 and 2. Formula- 
tion 0 is as might be derived from the prior art. 

35 



40 



4$ 



CO 



55 



4 



PM£ 10/35 1 RCVD AT 3/23/2005 3:09:02 PM [Eastern Standard Time] * SVRiUSOTO-EFXRF-l/l 1 DWS:8729306 1 CS1D:61M755505 • DURATION (mm*$):1M0 



MPR-23"-2005 15:16 FROM: 



6169755505 



TO:USPTO 



P. H'35 



EP 0 630 956 B1 



5 



25 



Formulation 


0 


1 




Syntactic Foam Part A 








BP Cellobond J2027-2 


73 


70.9 


65.3 


BAUD BL Microspheres 23 




27.6 


25.5 


3M FLOURAO PC 431 




0.07 


0.07 


TRI CHLOROETHYL PHOSPHATE 




1.4 


1.3 


ICI Ceepree 200 








1.6 


1/16 milled Glass Fibre 








Water 








2.5 


j Total 




100.0 


100.0 


100.0 


Curing Agent Part 8 








Water 




4.0 


2.0 


2.0 


Paratoluene Su phonic Acid 


6.0 


3.0 


3.0 


Budit 380 






95.0 


95.0 


70% Phosphoric Acid 


90 






Mix Ratio 


Part A 


100 


100 


100 




PartB 


e 


12 


15 



so [0024] Typically the properties of the new foams compared with that derived from the prior art as formulation 0 will 
fall between the ranges:- 



Formulations 


0 


1 


and 


2 


Specific Gravity 


0.5 26 


0.42 5 


to 


0.445 


Tensile strength 10 5 NM -2 


2.04 


5.6 


to 


e.7 


Compressive strength 10 5 NM" 2 


13.8 


66 


to 


93 


Elongation at break % 


1 




3 




Tensile modulus. GN/M 2 






0.018 




Thermal conductivity W/M°K 


0.010 


0.100 


to 


0.060 



[0025] The results for formulation (0) can only be obtained after a period of tempering at 70*C. 

[0026] Within this current invention each of the components has the following specification and function. 

50 (i ) Phenolic Resins. The cold curing resins are resols typified by. but not specifically, the products of BP Chemicals 
Limited, sold under the Cetlobcnd trade name. For the purposes of this invention the lowest possible viscosity resin 
is used typically below 600 cpoise. 

(2} Phosphate Plastidser. The viscosity of the mixture of the uncured syntactic foam is adjusted with up to 8.5% of 
» the weight of the phenolic resin with a phosphate triester ptasticiser. 

Any low viscosity phosphate plasttdser may be used such as di methyl methyl phosphonate. or Trichloroethyl 
phosphate which is available commercially as Genomol P from Hoachst GmbH or as Amgard TCEP from Albright 
and Wilson Limited. 
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(3) Surfactant. The Incorporation of tha hollow spheres into the phenolic resins is improved by the addition ol a 
fluorinated surfactant. 

The efficacy of tha formulation both in terms of cohesion and adhesion and the ease of incorporation and of 
flow is greatly aided by the presence of suitable surfactants. These must be both temperature add stable and sol- 
5 ubte in aqueous media. The preferred material in this embodiment is a fluorinated surfactant typified by the com- 

mercial product 3M Florad 431 . 

(4) Hollow Glass Spheres. As the effectiveness of the product in terms of thermal conductivity is dependent in pro- 
viding a low thermal conductivity path through the foam then the lightest hollow glass sphere, consistent with dura- 

10 bility in mixing and application is satisfactory. That the sphere shatters when exposed to stress or strain Is Irrelevant 
with respect to the prevention of incipient cracks, which depends only on the sphere diameter. Further, the careful 
adjustment of the re$ln viscosity, the incorporation of suitable wetting agents and the control of the mixer speed are 
necessary to prevent the rupture of the very light filler incorporated in this invention. Typically the preferred sphere 
will expand from boro silicate glass with an effective SG of 0.1 5-0.35 and have a mean particle diameter of 30 - 200 
is microns. Any such hollow sphere composed of glass or other refractory materials will be satisfactory. 

Within the prescribed materials the effective specific gravity of the foam is adjusted by varying the rate of addi- 
tion of the hollow glass spheres to between 0.30 and 0.6. 

In this current invention the examples given utilise hollow spheres composed of glass. If hollow spheres com- 
posed of refractory or ceramic materials were available the product would be equally efficacious as the perform- 
ed anco depends primarily on the modification of the thermal behaviour of the phenolic resin matrix and only partially 
on the fluxing agents Incorporated. However were such refractory or ceramic spheres available within the SGs 
specified herein then these would be equally efficacious. 

(5) Conventionally the acid curing agents used with cold curing phenolic rosins have been partially neutralised 
25 phosphoric acid. Esters of ortho and higher condensed phosphoric acids suitably accelerated with other acids such 

as para-toluene sulphonlc adds give a slower more thorough cure to the cold curing resins specified herein. Fur- 
ther because the acid value of the partial phosphate esters is lower than for the neutralised phosphorio acids but 
the pKa value of the residual oxyphosphorous functionality is similar, a greater quantity of such partial phosphate 
ester curing agent is required to react with the methalot functionality of the resin. In this invention the greater quan- 
go tity of curing agent added is critical in reducing the mix viscosity to allow the paste to both flow and be sprayed. 

The products specified herein Is a partial phosphate ester produced by Chemische Fabrlk Budenholm under 
technology described under Austrian Patent Application No. ATA 1790-91. 

While these commercial products are typicaBy described in this specification other partial phosphate esters 
such as ethyl and diethyl phosphoric acid and phytic acid, or acid partial phosphate esters produced by means 
js other than by the method specified under AT A 1790-91 will be equally efficacious as curing agents, particularly If 
the acid value were lower than the current obtainable value of 615 rngms KOH/gm end the phosphorous content 
was In the same order of magnitude as that currently available at approximately 19%. 

The quanfity of partial phosphate ester required to cure the phenolic resin Is dependent on the methslol func- 
tionality of the phenolic resin. This functionality defines a concentration of partial phosphate ester of between 5 and 
ao 15% of partial phosphate ester calculated on the solids of both the partial phosphate ester and the phenolic resin. 

(6) Accelerators. The cure rate of the curing system in (100.5) above, is controlled by the addition of para-toluene 
sulphonlc add or triflourom ethane sulfonic acid of up to 5% of the weight of the partial phosphate ester. 

AS 

(7) Additionally the strength of the foam under fire conditions is advantageously modified by the addition of glass 
fibres or glass flake. These materials control the mode of thermal decomposition of the structure. Further, the 
strength of the foam under fire conditions is advantageously modified by the addition of fluxing agents such as a 

so low melting point glass and/or zinc borate, as is shown in formulation 2. 

[0027] A small loading up to 5% by weight of glass fibres, less than 1 .5mm. long together with up to 3% of a glass 
fluxing agent such as ICI Ceepree or Zinc borate can alter the mode of decomposition under thermal stress. Ceepree 
is designed to melt and soften at e rate progressive with the temperature typical of normal fftare regimes. Zinc borate 
55 behaves in the same manner. The fibres serve as a physical bridge between the hoUow spheres. As the phenoOc resin 
Is lost by pyrotysls with temperature rise, the Ceepree melts as it is so designed and acts to secure the remaining glass 
structures together. 

[0028] The effect of the formulations the subject of this invention, can be seen by subjecting formulations 0. 1 and 
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2 above to comparative fire tests, and demonstrates how fire resisting duplex or sandwich components or structures 
can be created where the cold curing syntactic loams, as above are appfied as a layer to the surface of other materials 
or articles to provide a protection against ftre and heat. 

5 Example 2 

[0029] A skin of glass reinforced phenolic resin, formed according to conventional techniques. 1.5mm. thick resin 
was laid over casts of 15mm. of the three given fomulations which were themselves bonded to 3mm. steel plate. These 
structures representing bulkheads were then subjected to a fire regime representing a hydrocarbon fire. 

w [00301 The back face temperature of the steel bulkheads was monitored throughout the test The failure tempera- 
ture of 160 was reached after 25 minutes tor formulation 0, representing the prior art, end 45 minutes for the formu- 
lation 1 , and 7$ minutes for formulation 2. Upon examination it was found that the foam of formulation O and 1 had 
cracked and contracted into a series of approximate hexagons with voids between the hexagons, that has allowed radi- 
ation through to the steel. The contraction crooks were considerably more severe on the specimen treated wilh formu- 

15 lation 0. Whereas the specimen treated with the formulation number 2 was found to have expanded slightly and showed 
a tendency to laminations perpendicular to the plane of heat flux, thus not allowing radiation through to the steel back 
face. 

[0031] The materials may be used to form low cost fire resistant composite structures wlih the simplest of tooling. 
20 Example 3 

[0012] 

1) A mould was prepared consisting of a hollow tray 200 x 200 x 35mm., with a dose fining lid. 

2$ 

2) A paste consisting 25% by weight. 1.5mm. diameter Owens Coming hammered glass flake in BP Cellobond 
2027 phenolic resin, mixed with 1 7% of the curing agent specified in {50) above was trowelled onto the bottom face 
and lid of the mould. 

so 3) The rest of the mould was filled with formulation Z above and the mould fid bearing the uncured paste was 
pressed onto the wet syntactic foam with hand clamps. The assembly was allowed to cure overnight. 

[0033] The demoulded structure consisted of a sandwich 3mm. outer skin with 28mm. inner core of syntactic foam. 
This structure was hard rigid and very stiff. Tested as a fire barrier under conditions representing a hydrocarbon fire, the 
33 sample structure Indicated that It was Itself a satisfactory stable lire barrier material with the potential of providing two 
hours of fire protection. 

[0034] The advantages of the new process is additionally illustrated by the following example, which compares the 
results obtained with a syntactic foam utilises pre-existing tectinology:- 

40 Example 4 

(0035) The three formulations gfven above and prepared according to the method given above were applied to a 
3mm. steel plate representing a bulkhead to a thickness of 10mm. 

[0036] The formulation (0), based on pre-existing technology cannot be sprayed, it may only be trowelled. 
4* [0037] The coatings were then allowed to cure overnight and then overcoated with a 10mm. thickness of an epoxy 
based Intumescent coating. A similar panel as a control was coated with 20mm. of the Intumescent coating. 
[0038] The samples coated as described above were then subjected to fire test regimes representative of a hydro- 
carbon fire. It was found that the comparative results are as follows:- 



Sample 


1 


2 


3 


4 


Formulation 


0 


1 


2 




Ex poxy Intumescent (mm) 


10 


10 


10 


20 


Syntactic Foam Thickness 


10 


10 


10 
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(continued) 



Sample 


1 


2 


3 


4 


Time to 180°C (mins) 


64 


126 


138 


105 



[0039] Generally we find that for a duplex fire protection System consisting of a syntactic phenolic foam as 
described applied to elements of structure, by brush, spray or trowelling and then over coated with a conventional intu- 
mescent coating, and where the syntactic foam constitutes between 25% and 75% of the thickness of the coatlng:- 

io (a) In the case of structural elements, the syntactic foam can be substituted for an equivalent thickness of the Intu- 
mescent coating with no loss of fire resistance and a weight saving of 33% on the overall Are protection. 

(b) In the case of bulkheads the syntactic foam can be substituted for twice the thickness of the intumescent coating 
for an equivalent fire performance, thus giving a weight saving or 55%. 

15 

(c) In the case of hot risers fire protection can be provided on the same scale as either (a) or (b). but even If the hot 
riser has a surface temperature of 100*C the interface between the syntactic foam and the intumescent coating will 
not exceed 50** C. ihus preventing degradation of the Intumescent coating. 

*o [0040] As an example of such an application Indicative fire test results from protected steel section are es foliows:- 

Example S 

[0041] A mild steel structural section 167mm. in diameter and with a wall thickness of 6mm., shot blasted and 
25 primed with a zinc phosphate modified red oxide epoxy primer was prepared with a 20mm. thick layer of Chertek 59. 
reinforced with a single layer of welded mesh, according to the manufacturers recommendations. 
[004?] A similar section was coated with a 1 6mm. thick layer of syntactic phenolic foam, formulated as described in 
formulation 2 above, and then over coated with a 7.5mm. layer of Chartek 69. No reinforcement was used in the second 
specimen. 

30 [0043] In both cases four thermocouples were attached to the surface of the steel specimen and the coatings 
applied over the thermocouples. Both specimens were then installed in a Are lest furnace and exposed to a fire regime 
representing a hydrocarbon Are following the Mobil curve. 

[0044] The steel in the specimen coated with the epoxy Intumescent reached the critical failure temperature of 
400 C C in 56 minutes, the second specimen with two thirds of the thickness substituted with syntactic phenolic foam 
35 reached the same (allure condition in 58 minutes. No cracking, detachment or failure of the coating on the tost specimen 
was observed. 

[0045] A further example of such duplex fire protection systems where a syntactic foam applied to elements of 
structure is overlaid with lamina of stainless steel mesh bearing a fire resistant coating is illustrated as example 6. In 
this application the syntactic foam consists of almost the entire thickness of the fire protective coating end thus provides 
40 a system with a very low smoke emission. 

Example 6 

[0046] 30mm. of formulation 2 above were coated onto a specimen representing a steel bulkhead as previously 
43 described. To the surface of this was bonded by embedding on the surface of the foam a layer of lightweight stainless 
steel mesh, of 50% open area and 1 mm. thick. The surface of the steel was coated with 1 .5mm. of Fire Safety Systems 
MTC 32 high temperature Are resistant coating. This was allowed to cure for the period specified by the manufacture. 
(0047] The panel was tested as a Are barrier as previously described. This structure showed a fire protection rating 
of 1 00 minutes. Similar results have been obtained by changing the support media from stainless steel mesh to a paper 
so composed of a ceramic fibre such as. but not specifically Kaowool. 

[0048] The reasons for the behaviour of the materials and examples cited above are dependent on their behaviour 
under thermal stress and may be best illustrated by the following experiment. The oblong solid blocks were made from 
the formulations shown below. In this case the hollow glass spheres where substituted for solid glass spheres of the 
same dimensions In order to raise the thermal conductivity of the blocks such that when heated in a controlled oven the 
55 interior of the block more rapidly achieved the control temperature. The relative expar^cjn/con traction of the formula- 
tions against the temperature gradient was then measured. 
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3d [0049] Thus, as the critical components are Increased and in consequence increase the phosphorous content, ten- 
dency of the specimens to contract is reduced. This indicates why the syntactic foams do not exhibit the normal con- 
traction and stress cracking experienced with preceding phenolic resin compositions, when exposed to a fire regime. 
The addition of the fluxing agent acts to enhance the effect indicated above, but is not fllu strata*. 

3$ Claims 

1. A fire resistant syntactic foam material comprising the reaction product of a reaction mixture including a resol cold 
curing phenolic resin and incorporating a plurality of hollow spheres, characterised In that the reaction mixture also 
includes a solution of a partial phosphate ester and a low viscosity phosphate plasticiser, the latter being present 

40 in an amount up to 6.5% by weight of the phenoQc resin. 

2. A fire resistant syntactic foam material comprising the reaction product of a reaction mixture including a resol cold 
curing phenolic resin and a plurality of hollow spheres, characterised In that the reaction mixture also includes a 
partial phosphate ester and a tow viscosity phosphate plasticiser, the proportion by weight of the partial phosphate 

43 ester to the phenolic resin in the reaction mixture being In the range of 5% to 15%. the hollow spheres having a 
specific gravity in the range of 0.1 5 to 0.35 and an average diameter in the range of 30 to 200 microns, the spheres 
being present in a concentration in the range of plus or minus 1 5% of the critical pigment volume concentration and 
the low viscosity phosphate plasticiser being present in an amount up to 8.5% by weight of the phenolic resin. 

so 3. A fire resistant material according to claim 1 or 2 characterised in that the reaction mixture includes para-toluene 
suiphonic add in an amount up to 5% of the weight of the partial phosphate ester. 

4. A fire resistant material according to claim 1 or 2 characterised in that the reaction mixture includes trtflijorometh- 
anesulfonlc acid in an amount up to 5% of the weight of the partial phosphate ester. 

55 

5. A fire resistant material according to any preceding claim characterised in that the concentration of said spheres is 
such that the effective specific gravity of the material Is between 0.3 and 0.6. 
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6. A fire resistant material according to any preceding claim characterised in tfiat said hollow spheres are formed from 
a material selected from glass, a refractory material and a ceramic material. 

7. A fire resistant material according to any preceding claim characterised in that it includes a durability enhancer 
s selected from glass fibres and glass flake. 

8. A Are roslstant material according to any preceding claim characterised tn that it Includes a fluxing agent. 

9. A fire resistant material according to claim 8 characterised in that said fluxing agent is selected from low melting ' 
io point glass and zinc borate. 

10. A fire resistant material according to any preceding claim characterised in that the reaction mixture includes a ftuor- 
inated surfactant. 

15 11. A two-part system for the production of a fire resistant syntactic foam material comprising a first reactant inducing 
a re so I cold curing phenolic resin and a second reactant, one or both of which roactants incorporate a plurality of 
hotiow spheres, characterised In that the second reactant comprises a partial phosphate ester, said spheres are 
incorporated m one or both of said readente and the system also Incorporates a low viscosity phosphate piasticiser 
In an amount up to 8.5% by weight of the phenolic resin 

20 

12. A two part system according to claim 1 1 characterised In that said phosphate piasticiser is incorporated in said first 
reactant. 

13. A two part system according to claim 11 or 12 characterised In thai said second reactant incorporates para-toluene 
25 suphonic add in an amount up to 5% by weight of the partial phosphate ester. 

14. A two part system according to claim 1 1 or 12 characterised In that said second reactant incorporates trifluor- 
omethane sulphonic add In an amount up to 5% by weight of the partial phosphate ester. 

30 15. A two part system according to any of claims 11 to 14 characterised in that said hollow spheres are formed of a 
material selected from glass, a refractory material and a ceramic material. 

16. A two part system according to any of claims 11 to 15 characterised in that the quantity of said hollow spheres is 
selected such that the specific gravity of the lire resistant materia) produced by reaction of said reactants is 

35 between 0.3 and 0.6. 

17. A two part system according to any of claims 11 to 16 characterised in that said first reactant Incorporates a 
strengthening agent selected from glass fibres and glass flake. 

40 18. A two part system according to any of claims 1 1 to 1 7 characterised in that said first reactant incorporates a fluxing 
agent. 

19. A two part system according to any of claims 1 1 to 1 8 characterised in that the reaction mSxure also Incorporates 
a surfactant 

4S 

20. A two part system according to claim 19 characterised in that said surfactant is a fluorinated surfactant. 

21. A method of producing a fire resistant material from a two part system according to any of claims 11 to 20 charac- 
terised in that said first and second rectants are reacted together under ambient temperature conditions. 

50 

22. A method of producing a fire resistant syntactic foam material comprising mixing a rosol cold curing phenolic resin 
incorporating hollow spheres with a further constituent and allowing the mixture to cure at ambient temperature, 
characterised in that the hollow spheres have an effective specific gravfty of between 0.15 and 0.35 and an average 
diameter of between 30 and 200 microns and are mixed at plus or minus 1 5% of critical pigment volume concerv 

55 tratlon with the other constituent which comprises a solution of a partial phosphate ester comprising between 5% 
and 1 5% by weight of the phenolic resin, and in that the resultant material Is in paste form and incorporates a phos- 
phate tri-ester piasticiser in amounts of up to 8.5% by weight of the phenolic resin. 
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23. A method according to claim 22 characterised in that para-toluene suphonic acid Is added to the phenolic resin in 
amounts of up to 5% by weight of the partial phosphate ester. 

24. A method according to claim 22 or 23 characterised in that said spheres are glass Spheres. 

5 

25. A method according to any of claims 22 to 24 characterised in that the addition of said spheres Is controlled to pro- 
duce a material having an effective specific gravity of between 0.3 and 0-6- 

26. A method according to any of claims 22 to 26 characterised in that there is added to the uncured material a 
io strengthening agent selected from low melting point glass, glass fibres and glass flake. 

27. A method according to any of claims 22 to 26 characterised in that there is added to the phenolic rosin a fluorinaied 
surfactant. 

fs 26. A fire resistant component or structure characterised in that the surface thereof Is coated with a tire resistant mate* 
rial according to any preceding claim. 

29. A fire resistant component or structure according to claim 2d characterised In that said material forms a core 
between reinforced phenolic outer layers. 

20 

30. A fire resistant component or structure according to claim 28 or 29 characterised In that It Is over coated with an 
intumescent coating. 

31. A fire resistant Component or structure according to claim 30 characterised in that it is between 25% to 75% of the 
25 overall thickness of the coating. 

32. A fire resistant component or structure according to any of claims 28 to 31 characterised in that ft Is overlaid with a 
lamina of support material bearing a fire resistant or radiant coating. 

30 33. a fire resistant component or structure according to claim 32 characterised in that said support material is stainless 
steel mesh. 

34. A fire resistant component or structure according to claim 32 characterised In that said support material Is a paper 
composed of ceramic fibres. 

9$ 

Patent anspruche 

1. FeuerbestanoTge* syntaktlsches Schaummeteriel. welches das Reaktlonsprodukt elnes Reaktionsgemisches mit 
einem kattaushartenden Resol-Phenolharz aufweist und eine Vielzahl hohler Kugeln emhalt, dadurch gekenn- 

40 zelchnet. dass das Reaktionsgemlsch auch eine LOsung aus einem partieHen Phosphstester und einem Phosphat- 
Weichmacher nfedriger Viskositat enthait. wobei letzterer in einer Menge von bis zu 8 P 6 Gew.% des Phenol harzas 
vorliegt 

2. Feuerbestandiges syntakbsches SchaummateriaJ. welches das Reaktionsprodukt elnes Reaktionsgemisches mit 
*5 einem kaitaushanenden Resol-Phenolharz aufweist und eine Vielzahl hohler Kugeln enthait, dadurch gekenn- 

zelchnot, dass das Reaktioosgemisch auch eine Losung aus einem pertieBen Phosphatester und einem Phosphot- 
Weichmacher niedriger Viskositat enthait. wobei der Gewichtsanteil des partieUen Phosphatestera zu dem Phenol- 
harz in dem Reaktionsgemisch im Bereich von 5% bis 15% Begt, die hohlen Kugeln ©In epezJrlsches Oewicht im 
Bereich von 0,15 bis 0.35 und einen dumhschnitlBchen Ourchmesser im Bereich von 30 bis 200 Jim haben, wobei 
so (fie Kugeln in einer Konzerrtration im Bereich von plus Oder minus 15% der kritischen Pigmem-Vblumonkonzentra- 
tlon vortiegen und der Phosphat-Welchmacher nladrlger Viskositat In einer Mange von bis zu 8.5 Gew.% des Phe- 
nolharzes vorliegt. 

3. Feuerbestandiges Material nach Anspruch i Oder 2, dadurch gekennzeichnet dass das Reaktionsgemisch Para- 
55 toluoJ-Sutfonsflure in einer Menge von bis zu 5% des Gewichtes des partieUen Phosphatesters enthait. 

4. Feuerbestandiges Material nach Anspruch 1 Oder 2. dadurch gekennzechnet. dass das Reaktionsgemisch 
Trlfluonnethan-Sulfonseure in ein*r Menge von bis zu 5% des Gewichtes des parbeDen Phosphatesters enthait 
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5. Feuerbestandiges Material nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet, dass die Kon- 
zentretion dar Kugeln derart 1st. dass das etfektive spezfflsch. Gewicht deft Materials zwlschen 0.3 und 0.6 l!egt 

6. Feuerbestandlges Material nach elnem der vorhergehenden AnsprOche, dadurch gekennzeichnet dass die hohlen 
5 Kugeln aus einem Material bestehen, bei dam man zwischen Glas. elnem feuerfesten MateriaJ und elnem kerami- 

SChen Material auswahlt, 

7. Feuerbestandiges Material nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass as alnen 
Haltbarkeltserhtther enthalt, bal dam man zwischen ©lesfcsorn und GlasftoCKon auswahlt. 

10 

B. Feuerbestandiges Material nach einem dar vorhergehenden Anspruche. dadurch gekennzeichnet, dass es ein 
Flussmittel enthalt. 

9. Feuerbestandiges Material nach Anspruch 8, dadurch gekennzeichnet, dass das Flussmittel aus einem Glas mit 
w ntedrigem Schmelzpunkt und Zinkborat auSgewShlt wind. 

10. Feuerbestandiges MateriaJ nach einem dar vorhergehenden AnsprOche. dadurch gekennzeichnet, dass das Reak- 
Uonsgamtsch einen rnit Fluorld versetzten grenzftachenakUven Stoff enthait 

11. Zweiteiliges System zum Herstellen etnes feuorbestandigen syntakUschon Schaum materia is mil elnam ersten 
Reaktanden, der ein kalteushartendes Resol-Phenolharz onthatt, und einem xwelten Reaktanden, von denen einar 
Oder beide alne Vlelzahl hohler Kugeln enthaJt. dadurch gekennzeichnet dass der zweite Reaktand einen partiel- 
len Phosphatester aufweist wobei die Kugeln In einem Oder beWen dar Reaktanden eingefugt slnd und das 
System auch einen Phosphat-Weichrnacher niedrlgar Vlskositat in einer Manga von bis zu 6.5 Gew.% des Phenol- 
herzes enthalt. 

12. ZweiteiBges System nach Anspruch 11, dadurch gekennzeichnet. dass der Phosphat-Weichmacher in dam ersten 
Reaktanden enthatten 1st. 

30 13. Zweiteiliges System nach Anspruch 11 oder 12. dadurch gekennzeichnet dass der zweite Reaktand Paratoluol- 
Sulfcxrsaure In ©ln©r Mange von bis zu 5 Gew.% des partiellen Phosphatesters enthalt 

14. 2we«eHige$ System nach Anspruch 11 oder 12. dadurch gekennzeichnet. dass der zweite Reaktand Trifluorme- 
than-Sulfbnsaure In elner Menge von bis zu 5% des Gewlchtes des partiellen Phosphatester* enthalt. 

35 

15. Zweiteiliges System nach einem der AnsprOche 11 bis 14, dadurch gekennzeichnet. dass die hohlen Kugeln aus 
einem Material bestehen. bei dem man zwlschen Glas, einem feuerfosten Material und einem keramischen Mate- 
rial auswahlt. 

40 16. Zweiteiliges System nach einem dar AnsprOche 11 bis 15, dadurch gekennzeichnet, dass die Menge der hohlen 
Kugeln derart ist dass das spezifisohe Gewicht des durch die Reaktlon der Reaktanden erzaugten feuerfesten 
Materials zwischen 0,3 und 0,6 liegt 

17. Zweftefljges System nach elnem der AnsprOche 11 bis 16. dadurch gekennzeichnet. dass der ersta Reaktand ein 
*s versiarkungsmfttel enthalt. bei dam man zwischen Glasfesern und Glasflocken avswahlt. 

16. 2woltelliges System nach elnem der Anspruche 11 Ws 17, dadurch gekennzeichnet dass der erste Reaktand ein 
Flussmittel enthalt 

so 19. Zweiteiliges System nach einem der AnsprOche 11 bis 18. dadurch gekennzeichnet dass das Reaktlonsgemisch 
auch einen grenzRachenaktiven Stoff enthait 

20. Zweiteiliges System nach Anspruch 1 9, dadurch gekennzeichnet dass der grenzflachenakuve Stoff ein mil Fluorid 
verse titer grenzflachenaktiver Stoff Is*. 

55 

21. Vartahren zum Herstellen etnas feuerbestfindigen Materials aus einem zwelteUlgen System nach elnem der 
Anspruche 11 bis 20. dadurch gekennzeichnet dass man den ersten und den zwetten Reaktanden bei Umge- 
bungstemperetur-Bedlngungen rrutemander reagleren I asst. 
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22. Verfahren rum Heretelien olnes feuerbestandige n syntaktlschen Schaummaterials. wobei ein hohte Kugeln enthal- 
tendes kaltaushartendes ResoUPhonolharz mil einem weiteren Bestandtell gemlscht wlrd und man das Gemisch 
be I Umgebungstemperatur ausharten lasst. dadurch gekennzeichnet, dass die hohlen Kugeln ein effektives spezi- 
fisches Gewlcht zwlschen 0.15 und 0,35 und einen durchschnittllchen Durchmesser zwischen 30 und 200 urn 
5 haben. wobei die Kugeln In dinar Konzerrtration im Berelch vpn plus Oder minus 15% der kritiscften Pigment-Vbki- 

monkonzen tration mit dem andemn BestancHoll vorliegen, der eina Losung aus elnem partialis n Phosprtatester 
aufweist mit 6 bis 15 Gew.% des Phenolharzes, und dass das erhalteno Material in pastoser Form voriiegt und 
einen Phosphat-Tri-Ester-Waichfnacher In einer Menge von bis zu 8,5 Gew.% des Phenol harzes enthalt. 

10 23. Verfahren nach Anspruch 22. dadurch gekennzeichnet, dass Paratoluol-Sulfonsaure zu dem Phenolharz in einer 
Menge von bis zu 5 Gew.% des partiellen Phosphatesters hlnzugegeben wird. 

24. Verfahren nach Anspruch 22 Oder 23, dadurch gekennzeichnet, daB die Kugeln Glaskugeln sind- 

f5 25. Verfahren nach einem der Ansprtiche 22 bis 24. dadurch gekennzeichnet, dass die Hinzugabe der Kugeln gesteu- 
ert wird, urn ein Material rnJt elnem effektiven spezifischen Gewlcht zwlschen 0,3 und 0.5 zu orzeugen. 

25. Verfahren nach elnem der AnsprQche 22 bis 25, dadurch gekennzeichnot, dass zu dem nicht-ausgeharteten Mate- 
rial ein Verstarkungsmtttel hinzugegeben wird. bei dem man aus Glas mit nledrtgem Schm&lzpunkt, Glasfasem 

70 und Glasflocken auswahrL 

27. Verfahren nach einem der AnsprQche 22 bis 26. dadurch gekennzeichnet, dass zu dem Phenolharz ein mit Fluorid . 
versetzter grenzflachenakDvor Staff hinzugegeben wird. 

2? 28. Feuerbestandige Komponente Oder Struktur, dadurch gekennzeichnet, dass irtre Oberflache mit einem feuerbe- 
st&ndigen Material nach einem der vorhergehenden Ansproche beschichtet ist 

29. Feuerbestandige Komponente Oder Struktur nach Anspruch 28, dadurch gekennzeichnet. dass das Material einen 
Kern zwlschen verstarklen Phenol-AuOenschlchten blldet. 

30. Feuerbestandige Struktur oder Komponente nach Anspruch 28 Oder 29, dadurch gekennzeichnet, dass sie mil 
einer scMumendon Beschichtung uberzogen l$L 

31. Feuerbestandige Komponente oder Struktur nach Anspruch 30, dadurch gekennzeichnet, dass sie zwischen 25% 
35 und 76% der Gesamtdlcke der Beschichtung darstellL 

32. Feuerbestandige Komponente Oder Struktur nach elnem der AnsprQche 28 bis 31, dadurch gekennzoichnet dass 
sie mit einer dunnen Schlcht aus Tragermaterial uberzogen tst, welches eine feuerbestandige Oder strahlendo 
Beschichtung tragt. 

40 

33. Feuerbestandige Komponente oder Struktur nach Anspruch 32. dadurch gekennzeichnet. dass das Tragermaterial 
ein Edelstahl-Geflecht 1st 

34. Feuerbestandige Komponente oder Struktur nach Anspruch 32, dadurch gekennzeichnet, dass das Tragermaterial 
45 ein aus keramischen Fasern beelehendas Papier ist. 

Rove ndl cations 

1. Materiau elveoleire syntactique resistant au feu comprenant le produit de la reaction cfun melange reactionnei 
so comprenant une resine phenottque durclssaWe a froid de type resol et contenant une plurality de spheres creuses. 
caracterlee en ce que le melange reactionnei comprend egalement une solution d"un ester de phosphate parcel et 
un piasUfiant a base d'un phosphate de basse vlscoslte. ce dernier etant present on une quantrte pouvent aller 
Jusqu'a S.5 % en poids de la resine phenofique. 

56 2. Materiau arvedalre syntactique resistant au feu comprenant le produK de la reaction d'un melange reactionnei 
comprenant une resine phenol ique durcissabte a fro Id de type resol et une pJuralite de spheres creuses, caracte- 
rise en ce que le melange reactionnei comprend egalement un ester de phosphate parte! et un piasUfiant a base 
d'un phosphate da basse viscosite. la proportion en poids de Pester de phosphate partiel par rapport a id resine 
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phenotiqua dans te melango rOactionnel etant dans la plage de 5 a 15 %. les spheres creuses ayant une gravite 
specffique dans (a plage de 0.15 a 0.35 et un dlametre moyen dans la plage da 30 a 200 microns, las spheres at ant 
presentes a une concentration dans la plage de plus ou mains 15 % de la concentration en volume de pigment cri- 
tique at la plestiflant a base d'un phosphate da basse vlscoslta 6tant present en une quantttA pouvant aller jusqu'a 
5 9*5 % en poids de la resin a phenofique. 

3. Materiau resistant au feu salon la revendlcation 1 ou 2, caracteris6 en ce que le melange reactlonngl contient do 
l aclde para-toluenesulfonique an una quantite pouvant aller|usqu'a 5 % an poids da raster da phosphate partial. 

w 4. Materlau resistant au feu salon la rovandication 1 ou 2, caracterise en ce que I a melange reactlonnel contlant da 
Tacide uifluoromethanesullbmque en une quantite pouvant alter jusqu'a. 5 % en poids de Tester de phosphate par- 
tial. 

5. Matdriau resistant au feu selon Tune quelconque des revendications preefcdentes, caracterise en ce que la concen- 
is tration desdites spheres est telle que la gravite specJfique effective du matariau se sltua antra 0,3 at 0.0. 

6. Materiau resistant au (au salon 1'une quelconque des revendications precedentes, caracterise en ce que lesdites 
spheres creuses sont formeea a partir d'un materiau choisi parmi le verre, une rnatiere refractaire et une mauoro 
ceramique. 

20 

7. Materiau resistant au feu selon rune quelconque des revendications precedentes. caracterise en ce qu'il contient 
un prod u it destlnd a protonger sa duree da vfa choisi parml las floras da verre at las rlo cons da verre- 

8. Materiau resistant au feu selon rune quelconque des revendications precedentes. caract6ris6 en ce qu'li contiant 
23 un agent da Ruxage. 

9. Materiau resistant au feu selon la revendication 8. caracterise on ce qua iedit agent da Auxage est choisi parmi un 
verre a bas point da fusion at la borate da zinc. 

30 10. Materiau resistant au feu selon I "une quelconque des revencfrations pr6codontos, caracterise an ce qua le 
melange reactlonnel oontfem un tensloactU fluore. 

11. Systeme en deux parties pour la production d'un materiau aJveotaire syniacoque resistant au feu compranant un 
premier reactif compranant una reslne phenoJlque durdssabta a froid da type resol et un second reactif, un seul ou 
33 las deux reactife oontenant une pturafite de spheres creuses. caracterise en ce que le second reactif comprend un 
ester de phosphate partiel. lescffles spheres sont incorporoos dans un saul desdlts reactlfs ou les deux, at le sys- 
teme comprend egalement un plastlflant a base d'un phosphate de basse visoasite en une quantite pouvant alter 
jusqu'a 8.5 % en poids de la resine phenolique. 

40 12. Systeme an deux parties salon la rovandication 1 1 . caracterise en oe que Iedit plastifiant a base de phosphate est 
Incorpore dens Iedit premier reactif. 

13. Syst6me en deux parties salon la revendlcation 11 ou 12. caracterise an ce que Iedit second reactif contient de 
I'ackie pera-toluenesulfbnique en une quantite pouvant alter jusqu'a 5 % en poids de I'ester de phosphate partiel. 

14. Systeme an deux parties salon la rovandication n ou 12, caracterise en oe que iedit second reactif contient de 
I'acide trifluoromethanesulfonique en une quantite pouvant afler jusqu'O 5 % en poids de rester de phosphate par- 
tiel. 

so 15. Systeme en deux parties selon rune quelconque des revendications 11 a 14. caractftrlsO en ce qua lesdites sphe- 
res creuses sont formees a partir d'un materiau choisi parml (a verre, una mauara refractaire et una rnatiere cera- 
mique. 

16. Systeme an deux parties salon rune quelconque das ravendlcatlons 1 1 a 15, caracterise an ce qua la quantite des- 
55 dries spheres creuses est crtoisie de maniere a oe que la gravite specifique du materiau resistant au feu product par 

la reaction desdrts reactifs se situe entre 0,3 et 0.6. 

17. Systeme en deux parties selon Tune quelconque des revendications 116 16. caracterise en ce que Iedit premier 
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reectlf content un agent de renforcement choisi parmi tes fibres de verre et los flocons da verm. 

18. Svsteme en deux parties selon fune quelconque des revendications 11 A 17, caracterise en ce que le premier 
reactif con tie nt un agent do fluxage. 

5 

19. System* en deux parties selon rune queloonque des revendications 11 a 16, caracterise an ce que le melange 
reactionnel consent egalement un tensloactif. 

20. Systame en deux parties selon la revendication 1$, caracterise en ce que tedtt tensloactif ost un tensioactif fluore. 

10 

21. Precede de production d* un rnaterfau resistant au feu a parttr d*un svsteme en deux parties selon Tune quelconque 
des revendicatioris 11 a 20, caracterise en ce que lesdits premier et second reactifs sent mis a reagfr ensemble 
dans des conditions de temperature amblante. 

15 22. Proc6d6 de production d'un materiau alveolar e syntactique resistant au feu oomprenant tes e tapes consistent a 
meianger une resine phenollque du rcJesatHe a frold da type re sol comenant des spheres ere uses avec un autre 
constituant et a taisser le melange durcir a la temperature embiante. caracterise en ce que tes spheres creuses ont 
una gravlte speclflque effective entre 0.1 5 et 0.35 et un dta/netre moyen entre 30 et 200 microns et sorrt meiangeas 
a raison de plus ou molns 1 5 % de la concentration en volume de pigment critique avec I'autre constituant qui com- 
ae prend une solution d'un ester de phosphate partial representant entre 5 et 15 % an polds de ta resine phenollque, 
et en ce que le materiau resultant est sous la forme d'une pate et contient un piastifiant de type triester de phos- 
phate en des quantities pouvant aller jusqu'a 8.5 % en potds de la resine phdnolique. 

23. Precede selon la revendication 22. caracterise en ce que l adde pera-toiuenesulfonique est ajoute a ta resine phe- 
25 noflque on dos quamitAs pouvant oiler jusqu'a 5 % en poids de Tester de phosphate parttel. 

24. Procede selon la revendication 22 ou 23, caracterise en ce que lesdites spheres sont des spheres de verre. 

25. Procede selon rune quelconque des revendications 22 a 24, caracterise en ce que raddibon desdites spheres est 
so control&e de maniere a produire un materiau ayant une gravite speciftque effective se situant entre 0.3 et 0.6. 

2$. Procede seion rune quelconque des revendications 22 a 2$. caracterise en ce que Ton ajoute au materiau. a re tat 
non durci. un agent de renforcement choisi parmi un verre a bas point de fusion, des fibres de verre et des flocons 
de verre. 

35 

27. Procede selon I'une quelconque des revencScations 22 a 26, caracterise en ce que I'on ajoute a la resine phenoli- 
que un tensloactif fluore. 

28. Compos ant. ou structure, resistant au feu. caracterise en ce que sa surface est revetuo cTun materia u resistant au 
40 feu salon I'une quelconque des revendications precedentes. 

29. Composant ou structure, resistant au feu selon la revendication 28. caracterise en ce que iedlt materiau forme un 
coeur entre des couches ext erieure$ phenollque* renlorcees. 

45 30. Composant ou structure, resistant au feu selon la revendication 28 ou 29. caracterise en ce qu'il est protege par 
un revfitomont IntumoscenL 

31 . Composant. Ou structure, resistant au feu selon la revendication 30. caracterise en ce qu'il represente de 25 a 75 
% de repaisseur totale du revetement 

so 

32. Composant ou structure, resistant au feu seion Tune quelconque des revendications 28 a 31. caracterise en ce 
qull est rocouvart d'une couche de materiau da support portent un rovetement resistant au feu ou rayon nan t. 

33. Composant. ou structure, resistant au feu selon la revendication 32. caracterise en ce que ledit materiau de sup- 
65 port est un support a mattes en actor inoxydabte. 

34. Composant ou structure, resistant au feu selon la revendication 32. caracterise en ce que ledit materiau de sup- 
port est un papier a base de fibres ceramkjuos. 



15 



PAGE 21/35 4 RCVD AT 3/23/2005 3:09:02 PM [Eastern Standard Time] * SVrlW(«FXRF-1/1 1 DN1S:8729306 • CSID:61M755505 1 DURATION (mnvss):14-10 



